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Routine Controversies:
Mathematical Challenges in Mersenne's Correspondence
Controversies have become in the 1980s a privileged topic in history of science.
1 This interest goes with the demythification-some might say the disenchantment-of science, or perhaps more precisely of its traditional public values (integrity, commonality, free exchange of ideas, absence of personal and political interests, objectivity) in the construction of concepts and in the statement of results. For people, scientists and historians alike, who believed that these values realistically described science, controversies were epiphenomena, insignificant testimonies of local malfunctioning, human, petty, issues with no important bearing on valuable scientific practice.
More recently, on the contrary, controversies seem to have become the places to look at to capture the authentic structure of truth-making processes: "Controversies are the engine of intellectual progress in philosophy, science, theology, the arts, and other domains," 2 claims the website of the International Association for the Study of Controversies. This position might accompany an otherwise positivistic view of science and scientific activities-polemics being seen as the tool towards a progress the existence or features of which remain unquestioned. Or it can be used to undermine oversimple ideas on progress, truth, scientific facts and reality. Steven Shapin and
Simon Shaffer wrote for instance:
"Historical instances of controversy over natural phenomena or intellectual practices have two advantages, from our point of view. One is that they often involve disagreements over the reality of entities or propriety of practices whose existence or value are subsequently taken to be unproblematic or settled.
[…] Another advantage afforded by studying controversy is that historical actors frequently play a role analogous to that of [the stranger in anthropology]: in the course of controversy they attempt to deconstruct the taken for granted quality of their antagonists's preferred beliefs and practices, and they do this by trying to display the artifactual and conventional status of those beliefs and practices." Controversies would thus help to reveal actors and society otherwise neatly dissimulated in the final display of facts or theorems.
Topic in themselves or historiographical tool, controversies, however, are usually not historicized.
Punctual studies pointing out to some of the available models scientific disputes have borrowed-in particular duels, or advertisements in a competitive market-suggest decisive interactions between Acknowledging these issues is decisive for the legitimacy of our project itself, that is the possibility of studying these letters as an institution. An obvious metaphor suggests to see it as a network linking persons and to use then network analysis with various characteristics attached to these persons (geography, social position, skills, …) or to their links (degree of intimacy, …) to describe it. Such an approach would precisely make us err: the first impression is one of chaos, with a cacophony of voices and situations, up to the point to break apart the unicity of the whole. Status outside mathematics may be used to reinforce a scientific information, scientific talent to reinforce a social status, and both can interfere to the detriment of the other: "J'ay si peu de loisir, Terminology is not shared, meanings of some questions are subject to misunderstandings, originality of a procedure is put into doubt because of references to a different set of sources. For instance Sainte-Croix proposed in 1638 a problem about a "trigone tétragone," which is interpretated differently by various members of the network.
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As Lisa Sarasohn rightly put out, 19 we are confronted to a complex redistribution and exchanges and too quick or too simplistic models are condemned to fail. I already argued that the whole procedure is not describable as a transmutation of intellectual powers into wordly ressources and vice-versa. Neither is it a pure distributive system of finite products, a market of mathematical facts.
Taken in isolation, certain documents certainly suggest one or the other of these analyses, but the intricacy of relationships is not dissolved through a clear-cut hierarchical system or a perfect specialization of tasks. While Fermat possesses most scientific answers and a quite comfortable position at the Parlement in Toulouse, and thus could seem to draw almost no advantage of being in the network, he expresses eagerly his wish to participate and the stimulation he found there.
It is then legitimate to ask whether a unique social space is concerned or several loosely connected or even if each pair of correspondents constitute a small private world of its own.
The picture changes when mathematics is taken into account-as links between persons or letters, and also as nodes. Problems on aliquot parts-that is on the computation of the divisors of integral numbers, their sums and properties-are alluded to for instance in more than fifty letters and half of the correspondents discuss them. They cement the group to the point of providing it with metaphors in various circumstances and even with private jokes: Deschamps uses the analogy with aliquot parts to discuss the infiniteness of "what is from itself," Mersenne compares the fecondity of François de la Noue, an important member of the Minim order to whom he dedicated his 1644 his Cosmographia astronomica to that of a number with many aliquot parts. Brief apparitions of certain questions, for instance the first case of Fermat so-called Last Theorem, in letters mainly devoted to different matters, reinforce the coherence of the correspondence. In this respect, we are thus confronted to a mathematical institution (in the sense of an institution made of mathematics, even more than of mathematicians), which had to solve the disruptive questions of the diversity we just explain. This is why we need to understand more closely the characteristics of the mathematics done in the correspondence and the way it circulates and transforms.
II-The organization of mathematical work
The first important feature is the shape of the statements. Let us look at a few typical examples:
`Que [Fermat] vous envoie un nombre parfait qui ait 20 lettres ou le prochainement suivant" asks bound to the application of a method, which allows the mathematician, from some principles (given or to be found and which are the typical place where theorems appear) to derive a rule (or a set of rules) through which to gain access to the concrete wanted solution. The method is supposed to be applicable to a certain category of problems, as large as possible of course, but testing it on concrete problems is at the end the only admitted means of deciding its value. Rules may even appear as a pis-aller, as for instance Descartes answers to Sainte-Croix' questions by a rule which is a nonpractical one, because actual numbers would be too difficult to obtain concretely. 23 The chore of mathematical activities here is not to delimitate a certain corpus to be explored completely and established by fixed argumentative deductions, but to possess a method to solve any problem (or at least a range of them) which could be asked. The subjacent idea, expressed by some of the participants, is that you cannot solve a priori every problem in the mathematical world, because they are infinite in numbers, but we can and have to derive from a systematic procedure, a guide for your own practice, rules and solutions to be asked. 27 There is of course a striking analogy with what has been described as the new regime of experimental truth, with emphasis on individual instances and the possibility that this opens to tolerant civility for the achievements of others. To a specific question, a number is sent back, other participants can check if it fits the question, or send another number, theoretically without any discussion.
eliminate some of the answers. However, all of by itself, it does not seem to provide much stimulation to search for new results or arguments. When asked in 1631, to provide numbers besides 120 which are "double numbers" (that is, equal to half the sum of their divisors), Descartes answered that he has no idea and passes on. The way to force attention and work on a problem is to present it as a challenge-in particular to propose problems that are not open questions, but for which an answer, or the answer, is known by some participants.
This form of interaction is very well known by the historians. It has been described either as a rather infantile and derivative feature of these amateurs or ( propose to them problems they cannot solve.
Allied with the emphasis on problems, it nudges mathematics in given directions: 31 to imagine complicated, but effective problems, with numerical solutions, preferably rare ones, with a great number of digits. The bigger a possible solution should be, the most efficiently it displays the knowledge and shows that it was not obtained by a pure trial-and-error approach. Within these limits, we assist to a certain kind of progress: if around 1631, the discussion on double numbers does not seem to provide much feedback, by 1634, various examples are known, by 1638, systematic processes to find all kind of submultiples of their sums of divisors are claimed by several persons, who exhibit as proofs lists of huge examples. In the meanwhile, Euclid's procedure to find perfect numbers-numbers equal to the sum of their divisors-has been scrutinized, new examples discovered, shortenings explored. These questions lead Fermat and Frenicle in particular to new explorations, which we are tempted to describe as deeper and more theoretical, for instance the identification of the form of divisors of certain type of expressions, as a power of 2 plus or minus 1, and even (false) conjectures. From 1642 on, some of these new questions about prime numbers circulate around, while the newcomers in the area, like de Villiers or Thibaut, still ask Mersenne for the computation of the submultiples, the sum of the divisors of a numbers, etc. That is, we have a clear pattern of difficult questions solved (at least partially) through a collective effort, giving raise to new, more crucial problems, and whose solutions were disseminated to the whole circle-indeed even to a more general public, through Mersenne's books.
To summarize, the economy of challenges efficiently structures the production of mathematical knowledge in the correspondence: it stimulates original work, it allows an evaluation of one's own and others' achievements while managing the tension between recognition and trust, it incorporates the issues of time, courteousness and integration in a heterogeneous environment. And last, but not least, it deals with the key-problem of the basic knowledge common to all, by reducing the mathematical exchanges to their common parts.
III-Challenges and controversies
This mathematical organization bears upon the issue of controversies. They appear as pulverized all over Mersenne's correspondence, both uniformized and scattered into tiny micro-conflicts. It is then quite difficult to locate what is a controversy, a simple misunderstanding or a priority dispute.
How revealing for our topic is for instance the rebuff that Fermat meets with when trying to answer a challenge of André Jumeau de Sainte-Croix in 1636: "Trouver deux nombres, chacun desquels comme aussi la somme de leur agrégat ne conste que de trois tétragones?" 32 Fermat proposes to take two squares the sum of which is also a square (for instance 9 and 16) and to multiply each of them by a number sum of three squares, like 11, and adds immediately how to find an infinity of such solutions, as well as generalizations. According to Mersenne, the answer is not satisfying because Sainte-Croix wanted numbers which could not be decomposed also into a sum of four squares.
Fermat counters thanks to the double authority of a plural and of a classical reference:
"quand nous parlons d'un nombre composé de trois quarrés seulement, nous entendons un nombre qui n'est ni quarré, ni composé de deux quarrés; et c'est ainsi que Diophante et tous ses interprètes l'entendent."
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Sainte-Croix' question in his sense would be solved by chance, not by "une conduite assurée" (that is, a rule, or a method). Despite a superficial appearance of an optical challenge, the problem was arithmetical: all the sought-for quantities are rational numbers, and in fact integers. The disguise had a double function:
it was both an act of courtesy towards correspondents who were not usually working on numbers (a fact perfectly recognized by Descartes, for instance) and a complexification to discourage too To the "groping" arithmeticians, the analysts using algebra oppose the universal power of their favorite tool. Reciprocally, the arithmeticians shape their problems in order to make them intractable by an algebraic approach. "Je sais que l'algèbre de ce pays n'est pas propre pour soudre ces questions," comments Frenicle.
The second situation in which a rupture is announced tackles epistemological issues. In 1643, The constitution of that institution did not rely on the establishment of a canon, for instance, which would identify legitimate sources and important problems, it was reinforced bits by bits through each concrete numerical answer. As far as arithmetic is concerned, the opposition to algebra, by a large part of the Parisian mathematicians, favored the development towards certain directions, to the cost of other aspects, in particular the administration of proofs.
These features, both social and intellectual, appear as archeological components of mathematical practice. Challenges, not controversies as such, stimulated the work to do. Controversies, indeed, were trapped into the concrete shapes of this collective structure. Most of them appear thus, paradoxically, as routine controversies, operating inside normal science. If some of them-in 40 See for details Goldstein, op. cit. in n.8. 41 Fermat, op. cit. in n.9, 250.
particular that born from the resilience to symbolic analysis-could probably have a larger effect in the long-term, their potential effect was muffled inside the correspondence in the simple exchange of problems and numbers. 
